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DPPRQLD DQG K\GURJHQ 8QWUHDWHG ELRJDV PD\ FRQWDLQ HYHQ XS WR +6 >@ 7KH PDQXIDFWXUHUV RI LQWHUQDO
FRPEXVWLRQHQJLQHVUHTXLUHDK\GURJHQVXOILGHFRQWHQWRI+6SSP>@ZKLOHIHHGLQJELRJDVWRWKHQDWXUDOJDV
QHWZRUN LV DOORZDEOH DW +6SSP >@ (YHQ WUDFHV RI K\GURJHQ VXOILGH FDQ FDXVH WKH FRUURVLRQ RI SLSHOLQHV
FRPSUHVVRUVRUELRJDVWDQNV
7KHJHQHUDWLRQRIKHDWDQGHOHFWULFHQHUJ\IURPWKHFRPEXVWLRQRIELRJDVFDQEHUHDOL]HGEDVHGRQWKHIROORZLQJ
WHFKQRORJLHVELRJDVIODPHOHVVFRPEXVWLRQ>@R[\IXHOFRPEXVWLRQ>@K\GURJHQHQULFKHGELRJDVFRPEXVWLRQ>@
FRPEXVWLRQ LQ JDV WXUELQHV >@ FRPEXVWLRQ LQ+&&, HQJLQHV >@ DQG VZLUO FRPEXVWLRQ >@ LQ VSLWH RI H[LVWLQJ
OLPLWDWLRQVVXFKDVWKHORZPHDQFDORULILFYDOXHRIELRJDVDPRXQWLQJWR0-P>@DQGWKHKLJKFRVWRIELRJDV
SXULILFDWLRQ DQG FRPEXVWLRQ LQVWDOODWLRQPRGHUQL]DWLRQ EXUQHU UHSODFHPHQW 7KH SURFHVV RI ELRJDV FRPEXVWLEOH
FRPSRQHQW R[LGDWLRQ GHSHQGV RQ WKH DSSOLHG FRPEXVWLRQ WHFKQRORJ\ FRPEXVWLRQ WHPSHUDWXUH DQG WKH R[LGL]HU
IUDFWLRQRIWKHFRPEXVWLEOHPL[WXUH)RUWKHZKROHK\GURJHQVXOILGHFRQWDLQHGLQELRJDVEHDEOHWREHR[LGL]HGWR62
DFRPEXVWLRQWHPSHUDWXUHRI.7.LVUHTXLUHG>@,IFRPEXVWLRQWHPSHUDWXUHLVWRRORZWKHIODPH
ODFNVRIUDGLFDOVVXFKDV6++66DQG+DQGWKH+6ZLOOEHR[LGL]HGRQO\SDUWLDOO\(TXLYDOHQFHUDWLRĭRIWKH
FRPEXVWLEOHPL[WXUHGHSHQGVRQ WKHELRJDVDQGFRPEXVWLRQ WHFKQRORJ\7KHXVHRI WKHHTXLYDOHQFHUDWLRĭا
DOORZVXQEXUQHGK\GURFDUERQVDQG&2RFFXUULQJLQWKHFRPEXVWLRQSURGXFWVWREHOLPLWHG
([SHULPHQWDO6HFWLRQ
7KHH[SHULPHQWVZHUHFRQGXFWHGIRUWKHIROORZLQJJDVPL[WXUHV&+&2RIDQGYRO&2ZLWKD
YDU\LQJK\GURJHQ VXOILGH FRQWHQW7KHYDU\LQJ+6 FRQWHQW RI WKH FRPEXVWLEOHPL[WXUHV WHVWHG UHVXOWHG IURP WKH
HTXLYDOHQFH UDWLR SUHVHW DV SHU 7DEOH  EHFDXVH V\QWKHWLF F\OLQGHU DLU FRQWDLQHG SSP+6 7KH ORZHU WKH
HTXLYDOHQFHUDWLRYDOXHWKHPRUH+6LVFRQWDLQHGLQWKHFRPEXVWLEOHPL[WXUH7KH+6FRQFHQWUDWLRQOD\LQWKHUDQJH
RI  SSP 7KH FKRLFH RI WKH K\GURJHQ VXOILGH FRQFHQWUDWLRQ UDQJH RI +6  SSP UHVXOWHG IURP WKH
H[SHULHQFHRIUHVHDUFKHUV>@GHDOLQJZLWKWKHR[LGDWLRQRI+6/RZWHPSHUDWXUHLQWKHFRPEXVWLRQUHDFWRUDQ
LQVXIILFLHQWDPRXQWRIR[\JHQDQGDQLQFUHDVHG+6FRQWHQWRIWKHFRPEXVWLEOHPL[WXUHDOOIDYRXUWKHIRUPDWLRQRI
HOHPHQWDU\VXOSKXU&ORJJLQJRIWKHIOXHJDVVXFNLQJSUREHZLWKHOHPHQWDU\VXOSKXULVSRVVLEOHLQWKDWFDVH,QWKLV
LQYHVWLJDWLRQVXOSKXUGHSRVLWLRQRQWKHFHUDPLFIOXHJDVVXFWLRQSUREHZDVREVHUYHGDIWHUWZRGD\VRIH[SHULPHQWV
7DEOH+6FRQWHQWLQELRJDVSSP
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)LJ$VFKHPDWLFGLDJUDPRIWKHWHVWVWDQG
7KHH[SHULPHQWVZHUHFRQGXFWHGRQDWHVWVWDQGDVLOOXVWUDWHGVFKHPDWLFDOO\LQ)LJ7KHPDLQSDUWRIWKHWHVW
VWDQGLVDTXDUW]SLSHIXUQDFHFKDPEHUKDYLQJWZRKHDWLQJ]RQHVDQGRQHFRROLQJ]RQHHTXLSSHGZLWKDVZLUOEXUQHU
ZLWKDFRPEXVWLRQVXEVWUDWHPL[LQJFDSDELOLW\7KHGHVLJQRIWKHEXUQHUZLWKDJHRPHWULFVZLUOQXPEHURI6J LV
GHVFULEHGLQGHWDLOLQUHIHUHQFH>@)RUSUHVHWWHPSHUDWXUHVRIDQG.LQWKHILUVWDQGWKHVHFRQGIXUQDFH
]RQHUHVSHFWLYHO\DQGIRUOHDQIXHOFRQGLWLRQVDQHTXLYDOHQFHUDWLRRI ĭWKHIROORZLQJJDVFRQFHQWUDWLRQV
ZHUHPHDVXUHG+6±ZLWK D/$1'/DQFRP6HULHV ,, DQDO\]HU DQG&2&2 DQG62±ZLWK D+RULED3*
DQDO\]HULQWKHGU\IOXHJDVOHDYLQJWKHVHFRQGIXUQDFH]RQH7KHIOXHJDVZDVVXFNHGLQWRWKHJDVFRROHUZLWKD
FHUDPLFSUREHDQGWKHQGLUHFWHGWRUHVSHFWLYHDQDO\]HUV7RLQKLELWUHDFWLRQVRFFXUULQJLQVLGHWKHSUREHVXFNLQJWKH
IOXHJDVDWDWHPSHUDWXUHRIDSSUR[DQG.ZDWHUFRROLQJFRXOGEHHPSOR\HG+RZHYHUGXHWRWKHVPDOO
VL]H RI WKH SUREH DQG WKH WHVW VWDQG WKHUH ZDV D ULVN WKDW DQ H[FHVVLYH FRROLQJ RI WKH IOXH JDV FRXOG FDXVH WKH
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FRQGHQVDWLRQRIZDWHUDQGGLVVROXWLRQRIWKH+6WKXVGLVWXUELQJWKHPHDVXUHPHQW,QWKLVLQYHVWLJDWLRQWKHIOXHJDV
ZDVVXFNHGLQE\WKHVKRUWHVWSRVVLEOHSUREHZKLFKZDVPORQJ
,QWKHD[LVRIWKHTXDUW]FRPEXVWLRQFKDPEHUWKHUPRFRXSOHV1L&U1LZHUHLQVWDOOHGWRGHWHUPLQHWKHGLVWULEXWLRQ
RI IOXH JDV WHPSHUDWXUH 7KH WHPSHUDWXUH PHDVXUHPHQW ZDV DFFRPSOLVKHG XVLQJ WKHUPRFRXSOHV ZLWK WZR EHDG
GLDPHWHUVPPDQGPPORFDWHGUHVSHFWLYHO\DWWKHFHUDPLFSUREHVXFNLQJLQWKHIOXHJDVOHDYLQJWKHVHFRQG
IXUQDFH]RQHDQG LQ WKH WXUEXOHQWEXUQHU
VD[LV$ERYH WKH IOXHJDVGLVFKDUJHFKDQQHODZDWHUVSUD\ IDFLOLW\ZDV
LQVWDOOHGZKLFKZDVDFWLYDWHGLIWKHIOXHJDV+6FRQFHQWUDWLRQYDOXHDVPHDVXUHGZLWKWKH/$1'/DQFRP6HULHV,,
DQDO\]HUZDVKLJKHUWKDQWKH03&0D[LPXP3HUPLVVLEOH&RQFHQWUDWLRQRIK\GURJHQVXOILGH,Q3RODQGWKH03&
LVPJ+61P>@ZKLFKFRUUHVSRQGVWRWKHYROXPHFRQFHQWUDWLRQRISSP+6DWR&DQGS K3D
5HVXOWVDQGGLVFXVVLRQ
3.1. Determination of gas temperature 
7KHJDVWHPSHUDWXUHPHDVXUHPHQWZLWKWKHUPRFRXSOHVLVEXUGHQHGZLWKDQHUURUGXHWRHJWKHHIIHFWRIUDGLDWLRQ
7KHUDGLDWLRQHIIHFWFDQEHPLQLPL]HGHLWKHUE\XVLQJDWKHUPRFRXSOHZLWKWKHVPDOOHVWSRVVLEOHWKHUPRFRXSOH
VEHDG
GLDPHWHU>@RUE\WHPSHUDWXUHFRUUHFWLRQ>@,IWKHEHDGGLDPHWHURIWKHILUVWWKHUPRFRXSOHLVJUHDWHUWKDQWKDW
RIWKHVHFRQGRQHGGWKHQWKHJDVWHPSHUDWXUHFDQEHGHWHUPLQHGIURPWKHIROORZLQJWKHHTXDWLRQV>@
௚ܶ ൌ ଵܶ ൅
భ்ି మ்
ට೏మ೏భ
ቆ
೅మ
ర
೅భ
రି
೅ಮ
ర
೅ಮ
ర ቇିଵ
         
௚ܶ ൌ
మ்൬
೅ሶ భ
೅ሶ మ
൰ି భ்ቀ
೏భ
೏మ
ቁ
೘షమ
൬೅
ሶ భ
೅ሶ మ
൰ିቀ೏భ೏మ
ቁ
೘షమ           
mLVDQH[SRQHQWIXQFWLRQRIWKHUDWLREHWZHHQWKH1XVVHOWDQG5H\QROGVQXPEHUVYDOXHUDQJHVͲǤ͵ ൑ ݉ ൑ ͲǤ͹Ǥ
7KHH[SHULPHQWVZHUHFDUULHGRXWIRUWZRSUHVHWWHPSHUDWXUHVLQWKHILUVWDQGVHFRQGIXUQDFH]RQHVEHLQJ.
DQG . UHVSHFWLYHO\ 7KH PHDVXUHG WHPSHUDWXUH GLVWULEXWLRQV LQ WKH FRPEXVWLRQ FKDPEHU D[LV IRU WKH
&+&2PL[WXUHDWĭ DUHUHSUHVHQWHGLQ)LJ7KHPHDVXUHPHQWVZHUHSHUIRUPHGZLWKXQVKLHOGHG
1L&U1L WKHUPRFRXSOHVZLWK WZREHDGGLDPHWHUV G PPDQGG PP UHVSHFWLYHO\(DFK WLPH KLJKHU
WHPSHUDWXUHYDOXHVZHUHDFKLHYHGE\XVLQJWKHWKHUPRFRXSOHZLWKWKHVPDOOHUEHDGGLDPHWHU7KHDFWXDOFRPEXVWLRQ
FKDPEHUJDVWHPSHUDWXUHZDVGHWHUPLQHGE\FRUUHFWLQJWKHPHDVXUHGYDOXHVXVLQJHTXDWLRQVDQG$VFDQEH
VHHQIURP)LJWKHDFWXDOJDVWHPSHUDWXUHDVGHWHUPLQHGIURPHTXDWLRQLVKLJKHUHYHQE\.WKDQWKHYDOXH
PHDVXUHG XVLQJ WKH WKHUPRFRXSOH ZLWK WKH EHDG GLDPHWHU RI G PP 7KH JDV WHPSHUDWXUH GHWHUPLQHG IURP
HTXDWLRQLVKLJKHUWKDQWKHJDVWHPSHUDWXUHFDOFXODWHGIURPHTXDWLRQZKLFKDVVXPHVP 
)LJ7KHWHPSHUDWXUHSURILOHLQWKHFRPEXVWLRQFKDPEHUD[LV )LJ7KHDGLDEDWLFIODPHWHPSHUDWXUH
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7KH LQFUHDVH LQELRJDVFDUERQGLR[LGHFRQWHQW IURP&2R WR&2R UHVXOWV LQGHFUHDVLQJ WKHYDOXHRI
DGLDEDWLFIODPHWHPSHUDWXUHIURPWR.GHSHQGLQJRQWKHHTXLYDOHQFHUDWLRDVVKRZQLQ)LJ7KHKLJKHUWKH
HTXLYDOHQFHUDWLRWKHJUHDWHUWKHORZHULQJRIWKHDGLDEDWLFWHPSHUDWXUHYDOXHDVVRFLDWHGZLWKWKH&2RFRQWHQW7KH
LQFUHDVH LQ DGLDEDWLF IODPH WHPSHUDWXUH ZLWK WKH LQFUHDVH LQ WKH HTXLYDOHQFH UDWLR IURP  WR  IRU
&+&2RDPRXQWV WR.7KHFRPSXWDWLRQ VKRZV WKDW WKHDFWXDO WHPSHUDWXUHRIJDVHV LQ WKHTXDUW]
FKDPEHULQWKHH[SHULPHQWFDUULHGRXWDWDSUHVHWWHPSHUDWXUHRI.LQWKHUDQJHRI ĭLVKLJKHUWKDQ
WKHHTXLOLEULXPWHPSHUDWXUH([FHHGLQJWKHHTXLOLEULXPWHPSHUDWXUHGRHVQRWPHDQWKHHTXLOLEULXPFRPEXVWLRQRI
JDV,QWKHSUHVHQWHGLQYHVWLJDWLRQWKHK\GURJHQVXOILGHFRQFHQWUDWLRQOHYHOSSP+6LQDLUGRHVQRWDIIHFWWKH
DGLDEDWLFIODPHWHPSHUDWXUHYDOXH$GLVFHUQLEOHLQFUHDVHLQIODPHWHPSHUDWXUHIRU&+&2IURP.
WR.ĭ ZDVDFKLHYHGE\SHUIRUPLQJDGGLWLRQDOFRPSXWDWLRQVRIFRPEXVWLRQLQDLUFRQWDLQLQJSSP
+6
3.2. Flue gas analysis  
7KHPHDVXUHPHQWRI62DQG&2ZDVFRQGXFWHGLQDFRQWLQXRXVPDQQHUXVLQJD+RULED3*IOXHJDVDQDO\]HU
ZLWKGDWDUHFRUGLQJHYHU\RQHVHFRQG)LIWHHQPHDVXUHPHQWVHULHVHDFKODVWLQJDPLQLPXPRIVZHUHFDUULHGRXW
IRUHDFKRI WKH LQYHVWLJDWHGHTXLYDOHQFH UDWLRVDQG WKH WHPSHUDWXUHVDQG.7KHSUHVHQFHRIK\GURJHQ
VXOILGHLQWKHIOXHJDVZDVGHWHFWHGZLWKD/$1'DQDO\]HU,QWKHGU\IOXHJDVDW.OHDYLQJWKHVHFRQGIXUQDFH
]RQHQRK\GURJHQVXOILGHZDVGHWHFWHGZKLFKLQGLFDWHVLWVFRPSOHWHR[LGDWLRQ)RUWKHWHPSHUDWXUH.WKH+6
FRQWHQWRI WKHGU\ IOXHJDVRVFLOODWHG LQ WKH UDQJHRISSP7KHXQFHUWDLQW\RIPHDVXUHPHQW LQ WKLV UDQJHZDV
SSP+67KH HIIHFW RI ELRJDV&2R FRQWHQW RQ WKH R[LGDWLRQ+6SURFHVV GXH WR WKH ORZK\GURJHQ VXOILGH
FRQFHQWUDWLRQLQWKHIOXHJDVZLOOEHHYDOXDWHGEDVHGRQWKHFRQFHQWUDWLRQRI629DULDWLRQVLQWKHFRQFHQWUDWLRQRI
VXOSKXUGLR[LGHIRUPHGIURPWKHFRPEXVWLRQRIELRJDVFRQWDLQLQJDQG&2RDUHLOOXVWUDWHGLQ)LJ(DFK
SRLQW LQ)LJGHQRWHV WKHPHDQIOXHJDV62FRQWHQWDVGHWHUPLQHGIURPDPHDVXUHPHQW ODVWLQJV7KH62
FRQFHQWUDWLRQLQ WKHPHDVXUHPHQWSHULRGXQGHUH[DPLQDWLRQZDVFRQVWDQWIRU LQGLYLGXDOHTXLYDOHQFHUDWLRVZKLFK
PD\VXJJHVWVWDEOHFRPEXVWLRQFRQGLWLRQV7KHPHDVXUHPHQWUHVXOWVVKRZQLQ)LJUHIHU WRGU\IOXHJDVDQGDUH
FRQYHUWHGLQWRWKHIOXHJDVR[\JHQFRQWHQWRI:KHQDVVHVVLQJWKHUHVXOWVLQ)LJDGHFOLQLQJWUHQGLQVXOSKXU
GLR[LGHFRQFHQWUDWLRQGXHWRWKHLQFUHDVHLQELRJDV&2RFRQWHQWFDQEHQRWLFHGLQWKHH[DPLQHGUDQJHRI ĭ
7KHPRUHOHDQWKHFRPEXVWLEOHPL[WXUHWKHKLJKHUWKHVXOSKXUGLR[LGHFRQWHQWUHVXOWLQJIURPWKHLQFUHDVHLQWKH
DPRXQWRI+6FRQWDLQLQJDLUDGGHG7KHYDULDWLRQVLQIOXHJDV&2FRQFHQWUDWLRQGXHWRWKHLQFUHDVHLQIXHO&2R
FRQWHQWDUHLOOXVWUDWHGLQ)LJ7KHLQFUHDVHLQWKHELRJDVFDUERQGLR[LGHFRQWHQWIURPWR&2RFRUUHVSRQGV
WRDQLQFUHDVHLQGU\IOXHJDV&2FRQWHQWE\DSSUR[7KH&2FRQFHQWUDWLRQIRUĭ ZDVDURXQGWKHOHYHORI
SSPIRU&2RDQGSSPIRU&2RZLWKUHIHUHQFHWRRIR[\JHQLQGU\IOXHJDV
)LJ7KH62FRQWHQWRIFRPEXVWLRQSURGXFWV )LJ7KH&2FRQWHQWRIFRPEXVWLRQSURGXFWV
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3.3. Reaction rate 
7KHJHQHUDOQRWDWLRQRIUHDFWLRQSURFHHGLQJWRWKHULJKWRUWKHOHIWFDQEHH[SUHVVHGDVIROORZV>@
σ ߭௞೔
ᇱ௄
௞ୀଵ ߯௞ ֖ σ ߭௞೔
ᇱᇱ௄
௞ୀଵ ߯௞ሺ݅ ൌ ͳǥ ǡ ܫሻ         
 ߭௞೔
ᇱ ߭௞೔
ᇱᇱ  IRUZDUGDQGUHYHUVHVWRLFKLRPHWULFFRHIILFLHQWVRIWKHkWKSURGXFWVSHFLHVLQWKHiWKUHDFWLRQ
 ߯௞ FKHPLFDOV\PEROIRUWKHkWKVSHFLHV
ܭ WRWDOQXPEHURIVSHFLHV
7KHUDWHRISURJUHVVYDULDEOHqiIRUWKHiWKUHDFWLRQLVJLYHQE\WKHGLIIHUHQFHRIWKHIRUZDUGDQGUHYHUVHUDWHVDV>@
ݍ௜ ൌ ݇௙೔ ς ሾܺ௞ሿ
జೖ೔
ᇲ
௄
௞ୀଵ െ ݇௥೔ ς ሾܺ௞ሿ
జೖ೔
ᇲᇲ
௄
௞ୀଵ         
ሾܺ௞ሿ PRODUFRQFHQWUDWLRQRIWKHkWKVSHFLHVPROHFP
7KH IRUZDUG UDWH FRQVWDQWV IRU WKH ³I” UHDFWLRQV DUH JHQHUDOO\ DVVXPHG WR KDYH WKH IROORZLQJ$UUKHQLXV WHPSHUDWXUH
GHSHQGHQFH
݇௙೔ ൌ ܣ௜ܶ
ఉ೔݁ݔ݌ି
ಶ೔
ೃ೎೅            
)RUUHFRPELQDWLRQUHDFWLRQRUGLVVRFLDWLRQRFFXUULQJLQWKHSUHVHQFHRIDWKLUGERG\MHTXDWLRQWDNHVWKHIRUP>@
ݍ௜ ൌ ൫ς ൫ߙ௞೔൯ሾܺ௞ሿ
௄
௞ୀଵ ൯ ቀ݇௙೔ ς ሾܺ௞ሿ
జೖ೔
ᇲ
௄
௞ୀଵ െ ݇௥೔ ς ሾܺ௞ሿ
జೖ೔
ᇲᇲ
௄
௞ୀଵ ቁ      
 ߙ௞೔ HQKDQFHGWKLUGERG\HIILFLHQF\RIWKHkWKVSHFLHVLQWKHiWKUHDFWLRQ
0RGHOOLQJRIWKHNLQHWLFVRIFKHPLFDOUHDFWLRQVZDVFRQGXFWHGXVLQJWKH&+(0.,1352VRIWZDUHSURJUDP7KH
$UDPFR0HFK>@FRPEXVWLRQPHFKDQLVPZDVLPSOHPHQWHGLQWKHSURJUDP7KHVHOHFWHGPHFKDQLVPKDVWKH
PRVWUHFHQWGDWDRQWKHUDWHVRILPSRUWDQWUHDFWLRQVLQYROYLQJUDGLFDOVVXFKDV+2֖2+2DQGDFFRUGLQJWR
%RQJDUW]DQG*KRQLHP>@LWSURYLGHVWKHEHVWDJUHHPHQWZLWKH[SHULPHQWDOUHVXOWVDPRQJWKHIRXUPRVWFRPPRQO\
XVHGFRPEXVWLRQPHFKDQLVPV)RUFRPSXWDWLRQWKH3HUIHFWO\6WLUUHG5HDFWRU365ZDVFKRVHQ
7KHFRPSXWDWLRQUHVXOWVSUHVHQWHGEHORZUHIHUWRWKHPHDQYDOXHRIWKHHTXLYDOHQFHUDWLRIURPWKHH[SHULPHQWDO
WHVWVEHLQJHTXDOWR7KHLQLWLDOWHPSHUDWXUHYDOXHWDNHQIRUFRPSXWDWLRQZDV.+RZHYHUWKHODFNRIYLVLEOH
FKDQJHV LQ 62 DQG+6 FRQFHQWUDWLRQV IRU WKH FRPEXVWLRQ FKDPEHU UHDJHQW UHVLGHQFH WLPH XUJHG WKH DXWKRUV WR
SHUIRUPFRPSXWDWLRQVIRUDORZHUWHPSHUDWXUHYDOXHRI.
3.1. Analysis of H2S consumption and SO2 formation 
)RU WKH UHDFWRU YROXPH RI FP WKH WLPH RI UHDJHQW UHVLGHQFH LQ WKH ILUVW DQG WKH VHFRQG IXUQDFH ]RQH
UHVSHFWLYHO\LVFRQWDLQHGLQWKHUDQJHIURPVWRV7KHFRPEXVWLRQUHDFWLRQUHVLGHQFHWLPHRIWKHUHDJHQWVZDV
GHWHUPLQHGIURPHTXDWLRQ>@
߬ ൌ ఘ௏
௠ሶ
 
7KH DQDO\VLV RI WKH FRXUVH RI SUHGRPLQDQW+6 WR 62R[LGDWLRQ UHDFWLRQVZDVPDGHXVLQJ WKH5HDFWLRQ3DWK
$QDO\]HU)RUDFRQVWDQWWHPSHUDWXUHRI.UHDFWLRQVZHUHGLVWLQJXLVKHGZKLFKSURFHHGHGHLWKHUWR
WKHULJKWVLGHRUWRWKHOHIWVLGH7KHUHDFWLRQVSUHGRPLQDWHLQWKHSURFHVVRIR[LGDWLRQRI+6WR62DFFRUGLQJ
WRWKHVFKHPDWLFGLDJUDPVKRZQLQ)LJ7KHPRVWLPSRUWDQWUHDFWLRQSDWKVDUHKLJKOLJKWHGLQUHGFRORXU
7KHLQWHUSUHWDWLRQRIWKHSDWKVRI+6R[LGDWLRQWR62VKRZQLQ)LJXUHVKRZVWKDWWKHIRUPDWLRQRIVXOSKXU
GLR[LGH WDNHV SODFH ZLWK SDUWLFLSDWLRQ RI LQWHUPHGLDWH R[LGDWLRQ SURGXFWV ZKLFK DUH 6+ WKH PRVW LPSRUWDQW
LQWHUPHGLDWHSURGXFW±ZKLFKLVFRQILUPHGE\WKHOLWHUDWXUHRQWKHVXEMHFW>@62+62+62)RUWKHIRUPDWLRQ
RI62WKHUHDFWLRQVDUHUHVSRQVLEOHEXWWKHGHFLVLYHUROHLVSOD\HGE\ZKLFKSURFHHGVWRWKHULJKWVLGH
DQGWKHQSURFHHGLQJLQWKHVDPHGLUHFWLRQ
7KH UDWHV RI WKH UHDFWLRQV  SURFHHGLQJ WR WKH OHIW DQG WR WKH ULJKW IRU WKH &+&2RPL[WXUH
ĭ LQDFFRUGDQFHZLWKHTXDWLRQVDQGDUHVKRZQLQ)LJ7KHNH\UROHLQWKHFRQVXPSWLRQRIK\GURJHQ
VXOILGHLVSOD\HGWKHUHDFWLRQZKLFKSURFHHGVWRWKHOHIWZLWKWKHIRUPDWLRQRI6+UDGLFDOV7KHVHFRQGUHDFWLRQ
LQWHUPVRI+6FRQVXPSWLRQLVWKHUHDFWLRQZKLOHWKHWKLUGRQHWKHUHDFWLRQ

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)LJ5HDFWLRQ3DWK'LDJUDPIRU62IRUPDWLRQ
+6+2֖+62+2 
+62֖+62+ 
+62֖+622+ 
6++2֖+62 
+26+֖+6+2 
+62+֖6++2 
+622֖622+ 
+622֖+62 
+622+֖+62 
622֖622 
626+֖+6262 
62+2֖622+ 
62+2֖622+ 
+622֖62+2 
+620֖+620 
+626+֖62+6 
6+2֖+62 
+2626+֖62+6 
+626+֖62+6 
9DULDWLRQLQIOXHJDV62FRQFHQWUDWLRQZLWKLQFUHDVLQJWLPHLVVKRZQLQ)LJ,QWKHFRQGLWLRQVRISHUIHFWPL[LQJ
RIJDVHVLQWKHVZLUOEXUQHUIRU7 .D62FRQFHQWUDWLRQRISSPLVDWWDLQHGDOUHDG\DIWHUVIRUWKH
PL[WXUH&+&2RZKLOHWKHPD[LPXPFRQFHQWUDWLRQOHYHOLVSSP$GLVWLQFWHIIHFWRIELRJDV&2R
FRQWHQWRQ62FRQFHQWUDWLRQLVGLVFHUQLEOH7KHLQFUHDVHELRJDV&2RFRQWHQWLQKLELWVWKHSURFHVVRI+6R[LGDWLRQ
WR627KH62FRQFHQWUDWLRQLQGU\IOXHJDVGHSHQGVRQWKHWLPHRIUHVLGHQFHRIUHDJHQWVLQWKHFRPEXVWLRQFKDPEHU
DVVKRZQIRU7 .7KH62FRQFHQWUDWLRQLQIOXHJDVJURZVUDSLGO\LQWKHUHVLGHQFHWLPHUDQJHIURPVWKH
LQFUHPHQWLVSSP62IRUELRJDVFRQWDLQLQJ&2RDQGVORZO\LQWKHUDQJHIURPWRVWKHLQFUHPHQW
EHLQJSSP
)LJ)RUZDUG5HYHUVH5DWHRI3URJUHVVIRU&2R )LJ7KHFRQFHQWUDWLRQRI62DVDIXQFWLRQRIUHVLGHQFHWLPH
7KH+6 WR 62 R[LGDWLRQ UDWH GHSHQGV RQ WKH FRQFHQWUDWLRQ RI WKH 6++22++ DQG2 UDGLFDOV IRUPHG
9DULDWLRQVLQFRQFHQWUDWLRQV6++2DUHVKRZQLQ)LJDQG2++2DUHVKRZQLQ)LJ
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)LJ7KHHIIHFWRIUHVLGHQFHWLPHRQWKHFKDQJHLQWKHPROH
IUDFWLRQVRI6+DQG+2
)LJ7KHHIIHFWRIUHVLGHQFHWLPHRQWKHFKDQJHLQWKHPROH
IUDFWLRQVRI2++DQG2
7KHIRUPDWLRQDQGFRQVXPSWLRQRI6+UDGLFDOVPD\EHWKHUHVXOWRIWKHUHDFWLRQV0RVW6+
UDGLFDOVDUHIRUPHGDVDUHVXOWRIWKHUHDFWLRQSURFHHGLQJWRWKHOHIWVLGH,QWXUQIRUWKHODUJHVWFRQVXPSWLRQRI
6+WKHUHDFWLRQLVUHVSRQVLEOHZKLFKSURFHHGVWRWKHULJKWVLGH7KHPD[LPXPFRQFHQWUDWLRQVRI6+UDGLFDOV
7 .RFFXUVIRU߬ V3URPRWLQJWKHIRUPDWLRQRI6+UDGLFDOVWDNHVSODFHZLWKWKHGHFUHDVHLQWKHFDUERQ
GLR[LGH IUDFWLRQ RI WKH ELRJDV 7KH FRQFHQWUDWLRQ RI +2 UDGLFDOV LV KLJKHU WKDQ WKDW RI 6+ UDGLFDOV %RWK WKH
FRQVXPSWLRQDQGIRUPDWLRQRI+2PD\WDNHSODFHDVWKHUHVXOWRIWKHUHDFWLRQV7KHNH\UHDFWLRQ
UHVSRQVLEOHIRUWKHIRUPDWLRQRI+2UDGLFDOVLVZKLOHWKHRQHUHVSRQVLEOHIRUWKHFRQVXPSWLRQRI+2±
ERWKRIWKHPSURFHHGLQJWRWKHOHIW7KHOHVVWKH&2RLQWKHELRJDVWKHPRUHWKH+2UDGLFDOVDUHIRUPHGUHDFKLQJD
PD[LPXPIRUDUHVLGHQFHWLPHRIDSSUR[V
7KHYDULDWLRQLQWKHPROHIUDFWLRQRI2++DQG2ZLWKUHVLGHQFHWLPHLVUHSUHVHQWHGLQ)LJ0RUH2++DQG
2UDGLFDOVDUHIRUPHGDVD UHVXOWRI WKHFRPEXVWLRQRI WKHPL[WXUH&+&2RFRPSDUHG WR WKHPL[WXUH
&+&2R7KHKLJKHVWFRQFHQWUDWLRQRIWKHUDGLFDOV2+DQG2IDOOVRQWKHUHVLGHQFHWLPHEHLQJHTXDOWR
DSSUR[VZKLOHWKHUDGLFDOV+RQ߬ V
7KH2+UDGLFDOVDUHFRQVXPHGPDLQO\DVWKHUHVXOWRIWKHUHDFWLRQSURFHHGLQJWRWKHULJKW7KHORQJHUWKH
UHDJHQWUHVLGHQFHWLPHWKHORZHUWKH+6FRQWHQWQHHGHGIRUWKHUHDFWLRQFRQVXPLQJWKH2+5HVSRQVLEOHIRUWKH
IRUPDWLRQRI+UDGLFDOVDUHWKHUHDFWLRQVZKLOHIRU2UDGLFDOVWKHUHDFWLRQV7KH2UDGLFDOV
DUHIRUPHGPDLQO\DVWKHUHVXOWRIWKHUHDFWLRQSURFHHGLQJWRWKHULJKW
&RQFOXVLRQV
7KHSXUSRVH RI WKH LQYHVWLJDWLRQZDV WR GHWHUPLQH WKH HIIHFW RI WKH&2R FRQWHQW RI ELRJDV RQ WKH SURFHVV RI
R[LGDWLRQRI+6WR627KHNH\UHDFWLRQSDWKVGHFLVLYHWRWKH62IRUPDWLRQSURFHVVKDYHEHHQLGHQWLILHGDQGWKH
UDWHVRIUHDFWLRQVSURFHHGLQJWRWKHULJKWDQGOHIWVLGHVKDYHEHHQSURYLGHG
,WKDVEHHQGHPRQVWUDWHGERWKH[SHULPHQWDOO\DQGQXPHULFDOO\WKDWWKHR[LGDWLRQRI+6LVLQKLELWHGE\WKHLQFUHDVH
LQELRJDV&2RFRQFHQWUDWLRQ5HVSRQVLEOHIRUWKHFRQVXPSWLRQRIK\GURJHQVXOILGHDUHWKHUHDFWLRQV6++2֖
+62WKHOHDGLQJRQHDQG+26+֖+6+2+62+֖6++2
7KHUDWHRI+6R[LGDWLRQWR62GHSHQGVRQWKHFRQFHQWUDWLRQRIWKHUDGLFDOV6++22+DQG+DQGRQWKH
UHVLGHQFH WLPH3URPRWLQJRI WKH+6R[LGDWLRQSURFHVV WDNHVSODFH DV D UHVXOW RI WKH LQFUHDVH LQ WKH FRPEXVWLRQ
FKDPEHU WHPSHUDWXUH IURP. WR.)LYH+6 WR62R[LGDWLRQSDWKVZLWKSDUWLFLSDWLRQRI LQWHUPHGLDWH
R[LGDWLRQSURGXFWVKDYHEHHQGLVWLQJXLVKHGZLWKWKRVHSURGXFWVEHLQJ6+WKHPRVWLPSRUWDQWFRPSRQHQW62+62
DQG+62$GHFLVLYHUROHLQWKH62IRUPDWLRQSURFHVVLVSOD\HGE\WKHUHDFWLRQV6+2֖+62DQG622
֖622
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$FNQRZOHGJHPHQWV
7KLVZRUNZDVFDUULHGRXWZLWKILQDQFLDOVXSSRUWIURPWKH$*+8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\'6QR

7KH DXWKRUV DOVR WKDQN 0U -DFHN 3DVLHUE DQG 3LRWU 0RQGNLHZLF] 'HSDUWPHQW RI +HDW (QJLQHHULQJ DQG
(QYLURQPHQW3URWHFWLRQIRUWKHWHFKQLFDODVVLVWDQFH
5HIHUHQFHV
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